The paper presents an approach to evaluating a building throughout its whole life cycle in relation to its sustainable development. Il describes basie tools and techniques of evaluating and analysing the costs 
INTRODUCTION
Considering construction products, sustainable development can be evaluated on the level of the functional unit, which is a building or its component parts (elements or construction works).
This view is shared, among others, by the CEN/TC 350-a technical body of the European Committee for Standardization, which is responsible for the development of the European standardised methods for assessing the sustainable development of buildings. The standards are to become the basis of an analysis and assessment of the compatibility of the building with the principles of sustainable development due to environmental, social and economic factors. For this purpose one needs to use analyses of the life cycles of buildings and the adopted quantifiable indicators of evaluation. The analyses of the building's life cycle allow taking into consideration numerous criteria for a single construction product. Yet in fact a particular element of a building tendsto consist of several products, so it seems that the most appropriate solution involves an assessment of completed elements or a building as a whole. The paper presents a method of a global assessment of the building throughout its life cycle, based on basic evaluation criteria using elements of the fuzzy sets theory. The computational model based on building life cycle costs includes the risk involved in every phase of the life cycle. The model employs the fuzzy sets theory to model unclear, imprecise or incomplete information.
LITERATURE OVERVIEW
There have been many publications concerning cost analysis and attempts to establish the costs of building objects, including the building life cycle costs. The specificity of buildings is the reason for the appearance of uncertainty and risks related to the costs incurred at every stage of the building life cycle. Various attempts to account for the risk can be found in the literature.
Frangopol, Lin and Estes [5] presented a strategy optimization method of element repair in the life cycle of concrete bridge girders which, when undergoing corrosion during use, may cause malfunctioning of the structure. The optimal strategy for repair is achieved through minimizing the expected total life-cycle cost which encompasses investment costs, maintenance costs, as well as the costs of supervision, repair and break-down. The authors associate all the cost types with the probability of a malfunction which may, or may not, be diagnosed during the planned supervision of the construction.
Sobanjo [15] in his work presented a fuzzy sets-based methodology for life-cycle cost analysis of facilities that contained data related to initial, rehabilitation, sale/demolition, operating and maintenance costs. A conceptual methodology has been presented to illustrate how the uncertainties introduced due to the subjective estimation of cost variables, typically based on expert opinions, can be handled in life cycle cost analysis of facilities.
Fuller and Boyles [7] presented techniques for dealing with uncertainty probabilistic techniques. They used the Monte Carlo simulation as a simple technique of sampling the probability distributions of uncertain input values to obtain a close approximation to the true probability distribution of a measure of worth. Cost elements that were taken into account included purchase and installation costs, residual value, annual electricity cost, annual operating and maintenance costs and repair cost.
The paper by Menassa [12] presented a way of estimating the values of investment costs related to the modernization of the existing buildings as far as sustainable development was concerned.
The author accounted for uncertain events associated with a negative influence of the existing risk on the value of life cycle costs, and with the expected profits that the investment could bring.
Numerous publications depict various methods of calculating the costs of the whole life cycle of a building or a part of it using, for example, genetic algorithms [19] , the AHP method [21] or the parallel cost calculation [16] . The issue of risk in such calculations was discussed in [4] , [14] and [13] .
LIFE CYCLE OF A BUILDING
The integrated product approach is now regarded as the most effective way to implement the environmental dimension for products. The approach is based on five basic principles:
x thinking in terms of a life cycle, x cooperation with the market, x the involvement of the participants, x continuation of improvement by making frequent adjustments, x differentiation of policy instruments.
The introduction of the idea of thinking in terms of a building life cycle resulted in the need to use appropriate tools and techniques for assessing and analysing costs throughout the life cycle of the building. These methods include the following:
x Life Cycle Assessment -LCA,
x Social Life Cycle Assessment -SLCA.
To determine the environmental burdens of buildings one should take into account the entire life cycle of building materials and products (LCA -Life Cycle Assessment). LCA is a complex and systematic method for analysing the impact of products and processes on human health and the environment throughout the product life cycle [17] .
Life Cycle Management (LCM) has been employed in the management of construction projects in order to reduce the whole life cost, time and risk. LCM integrates each phase of project management from planning to close-out, making information sharing and coordination possible between owners, consultants, designers, contractors, and others [18] . The LCM of construction projects can be described as a management system for all the processes of a project [2] , from planning, design, and construction to the commissioning, utilization, maintenance, and otherwise decommissioning of the project. Fig. 1 . The information flow of LCM of construction projects; source: [8] Information flows should embrace the information concerning all the phases shown in Fig. 1 .
A lot of this information relates to planning, designing, construction, start up, utilization, maintenance and demolition. The information should be integrated to improve communication and cooperation. Information flows affect both the preceding and following phases. Once a decision is made, its influence on the preceding and following phases, and even on the whole life cycle, must be considered.
A social and socio-economic Life Cycle Assessment (S-LCA) is a social impact (and potential impact) assessment technique that aims to assess the social and socio-economic aspects of products and their potential positive and negative impacts along their life cycle encompassing extraction and processing of raw materials; manufacturing; distribution; use; re-use; maintenance; recycling; and final disposal [3] . Sample socio-economic factors evaluated during the SLCA analysis for the construction industry are presented in Table 1 . The sample socio-economic factors presented in Table 1 may generate some degree of risk.
In particular, this refers to the factors associated with construction workers, that are work health and safety, salaries and type of employment.
LIFE CYCLE COSTS
The process presenting the life cycle of a building is shown in Fig. 2 . Fig. 2 . The life cycle of a building; source: the authors based on [6] and [11] The LCC analysis may be performed either by means of a simple method or a complex one.
The simple method should be used only for a simple comparison aiming at the selection of the optimal variant. The main drawback of this method is that it does not take into account the devaluation of money over time (discounting) or the change in energy prices.
The basis for calculating the life cycle costs (LCC) is the following formula: LCC -life cycle cost, C -construction cost in 0-year including hard cost (labour, materials, equipment, furnishings, etc.) and soft costs (design fees, permit fees, etc.), PVRECURRING -present value of all recurring costs (utilities, maintenance, replacements, service, etc.), PVRESIDUAL-VALUE -present value of the residual value (the expected value of the sale of an asset at the end of its estimated useful life) at the end of the study life It is vital to specify all the costs in the whole life cycle of the building precisely, so that the decision about a construction investment is correct. The decision has to be based on a complete and reliable information about the costs.
RISK FACTORS AT DIFFERENT STAGES OF THE LIFE CYCLE
Risk factors, similarly to individual types of cost, may be ascribed to subsequent stages of a building's life cycle. A detailed classification of risks attributable to individual phases of the life cycle is presented in Table 2 . Table 2 . Division of risk factors attributable to individual phases of the life cycle, the case of residential and commercial buildings; source: the authors, based on [10] , [14] , [20] and [22] RISK CATEGORY RISK FACTORS LIFE CYCLE PHASES P C U W TECHNOLOGICAL errors in designs X deficiencies in designs X incompliance of designs with the valid norms / legal provisions X erroneously determined soil conditions X erroneous assumptions for structural and materials solutions X no technology available X X errors in management X X X shortage of qualified labour force X efficiency of workers and equipment X CONSTRUCTION PROCESS -RELATED adverse weather conditions X X accident rate in construction X X occupational health and safety X X definition of the scope of works X changes in the planned scope of works X quality of the completed works X management quality X X X delays in construction works completion X X failure to keep the deadlines X X X failure to pay the due consideration to subcontractors and suppliers X availability of reliable subcontractors X cooperation with subcontractors and suppliers X suspension of works due to the contractor's errors X availability of building materials X securing building materials supply X application of building materials which are in short supply X application of unsuitable building materials X availability of building equipment X subsidiary processes, e.g. transportation X X X FINANCIAL failure to pay for the completed works (or delays in payment) X X X loss of financial liquidity X X X X poor cost control X X X X increase of building materials prices X increase of energy carriers prices X increase of labour prices X increase of equipment rental prices X inflation X interest rates fluctuations X POLITICAL changes in the tax system X X X X changes in customs regulations X X changes in the legal system X X X X economic growth slowdown X X X X ENVIRONMENTAL erroneous design assumptions X absence of legislation addressing the environmental issues X changing position of the state as regards the environmental issues X LEGAL difficulties in obtaining permits X incompliance with the law X X X inaccuracies in documentation X P -programming phase, C -completion p., U -utilization p., W -withdrawal p.
PROCEDURE FOR DETERMINING THE LIFE CYCLE COST WITH CONSIDERATION OF THE RISK
The algorithm procedure for determining the costs of a building during its life cycle, which includes the impact of the risk factors currently occurring on the value of the cost, as shown in Fig. 3 . This algorithm, created by the authors, is used to evaluate life cycle scenarios and enables the comparison and selection of the best strategy for the management of a building in its life cycle.
In the construction industry, the basic stages of project completion are the following: the programming phase, the completion phase, the utilization phase and the withdrawal phase. Each of the above mentioned phases of the life cycle may be accompanied by some characteristic internal IP processes (e.g. supervision, monitoring, controlling the construction execution or utilization of the building object).
While analyzing the cost of the product life cycle, one must first define precisely the types of costs (marked C on a diagram), and also identified risk factors (marked R), which may have an impact on the final value of the cost, causing for instance, their growth. Second, one should precisely determine the value of the cost and the size of the impact of risk factors on costs.
The value of life cycle cost may be acceptable and the impact of the risks might be low. If so, this will result in passage along the "Yes" direction of the algorithm, in which case the result is the life cycle scenario with the designated life cycle cost LCC. However, this may lead to a situation in which one of the phases of the life cycle, the calculated values of costs or impact risk levels assume values that are far from satisfactory. Therefore, experts have the opportunity at any stage of a detailed analysis to return to the previous step and to correct assumptions to be analyzed. In extreme cases, for instance, when the value of the cost or impact on the value of risk are high, one may choose to refrain from further construction life cycle scenarios and move towards the "No" directions that is, from the programming phase to the withdrawal phase via the abandonment, or from the utilization phase to the withdrawal phase through demolition or resale. 
FUZZY SETS-BASED METHOD
One of the methods of accounting for the risk in the life cycle of the building uses fuzzy logic, thanks to which cost values may assume a fuzzy form with a properly chosen membership function. This paper presents the procedure described in [1] . 3. Find the interval of the discount rate corresponding to the selected value of α in step 2.
4. For each competing alternative, find the intervals of the parameters associated with cost data corresponding to the selected value of α. These include initial cost, annual costs, values and timings of future costs, salvage value, and service life.
Use the vertex method to calculate the corresponding intervals of discounting factors using
Eq. (7.1) and Eq. (7.2), and Eq. (7.3) to calculate the corresponding intervals of the capital recovery factor. PWFij -present worth factor of an irregular future cost, r -discount rate, tij -time at which the irregular future cost has been incurred 9. For the defuzzification process the area compensation method will be used. Compute the R value Eq. (7.6) for each alternative based on its EAC membership function. 
COMPUTATIONAL EXAMPLE
In the example the costs of life cycle of a multi-family building were compared, taking into account the main groups of the costs described above. Two variants of building implementation were selected.
In one of them, the building had been constructed in the traditional technology, so it was assumed that the costs were to a large extent predictable. Therefore, the computation involved sharp cost values and LCC was determined by means of the deterministic method of specifying the efficiency of the investment, on the basis of discounted money flows, taking into account environmental issues LCNPV -Life Cycle Net Present Value.
The other variant involved the HVAC (stands for heating, ventilation and air conditioning) system. HVAC is a control system that applies regulation to a heating and/or air conditioning system. The costs associated with this system are hard to predict due to the risks involved.
The characteristic risk factors in this case may include, for example, the use of rare, specialized systems that link heating, ventilation and air conditioning during the building implementation phase and the limited availability of specialist servicing companies for HVAC systems.
Due to these conditions the cost values were provided in a fuzzy form with a membership function as in Fig. 4 . The output data assumed for the calculations are presented in Table 3 . For the first variant, the LCNPV value was calculated with the use of the following Eq. (7.7) and R value with the use of Eq. (7.8): for α-cut = 0.30 for all problem variables are given in Table 4 . The R value for the second variant is smaller than the first variant.
CONCLUSIONS
The paper presents a short overview of issues involved in the life cycle of buildings. Particular attention was paid to the risks involved in the life cycle costs, presented by means of a method allowing including these risks in the calculation of life cycle costs. The example illustrates two solution variants involving technologies with varying degrees of risk included in the costs incurred.
The comparison of the value of the instalments R for both variants reveals that the instalment value for the building implemented in variant 2 is lower than in variant 1, thus being more advantageous. Dla wariantu pierwszego LCNPV wynosi 25 368 553 PLN, natomiast wartość R1 (zwrot kapitału, który przedstawia wartość LCNPV w postaci ekwiwalentnej wartości kosztów rocznych EAC) wynosi 1 842 998 PLN.
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